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SECTION 1

INTRODUCTION

This report reviews the progress made on the development of a
hvdrogen-oxysgen (H2—02) regenerative fuel cell (secondary
battery) under NASA Contract WAS3-2781 during the period |

1 June 1967 throurh 1 July 1967. During this period, primary
enphasis was placed on the testinz of single cells with
matrix structures of potassium titanite, Teflon, and asbestos.
Reference cells were assembled and tested. Tabrication is
progressing on the 28-volt 500-watt Flight Prototype Fuel

Cell assembly.

S110-1-37 1
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SECTIOH 2

TECHNICAL DISCUSSION

2.1 SINGLE CELL TESTS

Ten single cell tests were conducted during this period to
evaluate matrix and electrode configurations. Test results and

construction variables of these cells are summarized in Table I.
2.1.1 SINGLE CELL MATRIX TESTING

A matrix was made by forming a rolled 0.030 KT-Teilon couposite
on cach side of a membrane (50 percent KT, 50 percent Teflon
pasted on 100 mesh screen). The matrix was assembled in cell
269 with a 0.060 spacer and 56.1 gm of 40 percent KOH. Both

the EOS and Cyvanamid electrodes were used in a previous cell.
The cell has ran 676 cvcles and the test has been discontinued.
As can be seen in Fiy. 1 therc was little performance degradation
in the first 300 cycles. Subsequent performances however fell
off more rapidly. Upon disassembly the final KON was fournd to
be 357. The performance drop cannot be from KOH consuaiption.

Ko asbestos was used in this cell so one variable is eliminated.
The remaining factors can be Pt migration and/er presence of

other impurities in both the KT and Teflon.
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Cells #278, #279 and #281 were attempts to duplicate cell #269
aforementioned. The matrix allowed cross gas leakage to occur.
Bubble-through testing showed the formulated batch these matrixes

were made from to be defective,.

A pressed composite matrix was fabricated with KT, asbestos and
Tef{lon and successfully laboratory tested. Another matrix 0.0060
inch thick was fabricated. It was assembled in cell #274 with
47.0gm of 40.3 percent KOil electrolyte and a 0,050 inch spacer.
The EOS and Cyanamid electrodes have been used in previous cells.
The cell has run a total of 731 cycles and is still cycling.
Ficure 2 shows that the performance was most excellont, 0.9 volt
and above for the first 400 cvcles. The nerformance nav have heen
helped by the closer spacing, 0.030 inch. ‘The subsequent perform-
ance has degraded to below 0.8 wolt. The latter cycles indicate
extreme flooding may be occurring. Cveline of this cell will
continue in order to further observe the effects of cvele life

with this type of matrix.

Cell #282 is a dupiicate of cell #274 above. The matrix is a
pressed composite of KT, Teflon, and asbestos. The electrodes are
the usual EO3/American Cvanarid confijuration. The cell has run
a total of 30 cvcles and is still cycling. Figure 3 shows the

initial performance to be excellent (0.9b to 0.95 volt lischarge)

" as was the initial 400 cycles of cell #274 above.

he matrix coufisuration of cell #276 is similar to cell #266. A
0.040 KT and Teflon composite rolled membrane was fabricated then
sandwiched between two 0.020 KT-asbestos mats. This wmatrix
contained 45.1 gm of 40.3 percent KOl and was installed with a
60-mil spacer in cell #276. The cell contained the usual EOS/American

Cyanamid electrodes. The cell has run a total of 344 cycles and

4110-ML-37 /
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is still running. As can be secen in Fip. 4, the performance is
good, above 0.8 volt on discharee, and performance degradation is

slow.
2,1.2. 112 CONCENTEATION CELL

Cell #2065 is a cvcling hydrogen concentration c2ll, It contains

two EOS H, clectrodes and has a 50 percent KT--50 percent Tellon

2
membrane sandwiched between two 90 percent KT-10 percent asbestos
mats. All the KT was treated in 100°C KOH for one¢ hour and washed
with distilled HZO. The matrix contains 40 am of 39.7 porcent KOH.
A 60-mil spacer is being used. The cell was flushed with I, gas

S
when 150 psi of H2 was introduced. A cvele of 18 amp charge for
35 minutes was set up. The cell has run 1711 cvcles te date, and
is still running. Figure 5 shows the performance. The voltage

has slowly risen to around 0.35 volts and may have stablized.
2.1.3 REFERENCE CELLS

In order to characterize the American Cvanamid and EOS electrodes
used in the [0S fuel cell, reference cell ﬁcsting is being coutinued.
Cell #277 contained an ARO American Cvanamid oxyzen electrode and

a standard EOS electrode (of 20 mg Pt/cmz). The matrix was nade

of a pasted K:-Totlon membrane sandwiched between two 90 percent

KT and 10 percent asbestos mats. On each side of the memdrane

was placed a mercuric oxide (IHgQ) reference electrode. The reference
electrodes consisted of nickel screens on which HgOd poﬁder was
pressed. Each screcn had a nickel wire spot welded on one end;

the wire was fed out through the 60-mil insulating spacer. Reference
cell #277 ran five cvcles then bevan to self~discharge. The cause

of failure is probably due to depressions caused bry the 0.020 inch

thick reference wires which are fed into the cell through the matrix.

110-ML-37 10
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In the future, attenpts will be made using thinner wires.

Another reference cell, #280, was built in the same mamner as above
except 0.01l5 inch thick feed-throuzh wire was used for the reference
electrodes. The cell has run 53 cycles and demcenstrated good

per formance. The test is still in progress. Figureé 6 and 7‘éhow
the initial polarization curves on charge and discharge for this
cell. Figure 6 shows that the major pclarization. loss occurs at
the O2 electrode during charge. The largest component of peolariz-
ation, a combination of activation and IR effects, is shown by

the initial stecep rise of the O2 reference curve. Figure 7 shows
that the largest polarization loss is observed at the initial slope
of the 0, reference curve again showing activation pelarization.
After a current density of about 80 mA/cm2 the polarization losses
are equally ccntr;buted by both the HZ and 02 electrodes since then
their slopes are mnearly equal. TFigures -8, 9 and 10 respectively
show reference readings of cell #280 cycled at 18 amps discharge,
10 amps charge and 10 amps discharce, 10 amps charge and 18 amps
discharge. All the cycles‘ﬁére extended beyond the norinal charee
and discharge limits in order to observe the effects of drying and
flooding on the eclectrodes. As can be secﬁ in Figs. &, 9 and 10
the largest effect caused by drying is an increase in the cell
impedance. Dy again referring to Figs &, 9 and 10 it is learned

that during flooding the 0, electrode is most adversely effected,

2

2.2 MATRIX FABRICATION AND SCREENING

Fabrication of composite matrixes using KT, polvpropylene and

Teflon pressed together was explered during this period. Table II

o
/:

(Wh
Py

summarizes the screcning test results. Sample M3, composed of 9
KT, 5% polypropylene pressed one half hour at 124 psiy, zave the

highest bubble~throush result of 25 psiy. M-0 and M-7 beth had

10-ML-37 13
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5% Teflon added but cave lower bubble through test vesults of 10 psig.

This result may be caused by the mats containing Teflon being thinner.

Screening work will continue on this nonashestos composite.

4110-1L-37 ' 19
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' SECTION 3

PLANS FOR THE NEXT PERIOD

Single cell cycling tests and laboratory screening will be continued
to evaluate KT matrixes of different total weight, electrolyte-to-~

matrix weight ratios, thicknesses, compression ratios, and additions
of asbestos,Teflon, polypropylene, and other fibers that can improve
the structure of the matrix. Reference cell testing will continue.

Fabrication of the 34 cell unit will continue.

4110-ML-37 21
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SECTION 4

FINANCTAL STATEMENT

06 TR 0 |

Man-hours and dollar expenditures for the period 26 May 1967

L

through 23 June 1967 werc as follows:

3

M Direct labor hours 639
£, Direct labor dollars $3,029

Purchase and commitments $6,803
E Total dollar expenditures $16,823
g. .
f7.
¥

22
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